Background: The Swedish district heating sector is successfully transitioning to a low-carbon energy system. The industry has expanded since the 1950s and currently meets more than half the Swedish heat demand. The heat market was deregulated in 1996, and thereafter, companies have been exposed to an increasing number of challenges related to technology, institutional factors and market. Since municipal ownership dominates, municipal companies must manage these challenges to ensure future competitiveness. However, theory suggests that business change is difficult when the current model is still working. To date, Swedish district heating companies have revisited their price models and customer perceptions. There is limited knowledge on how the business challenges are managed and on the management strategy's impact on the business. In this paper, new knowledge is generated regarding how the customer and resource-oriented sides of the municipally owned district heating business in Sweden are changing. Methods: A case study approach was adopted. Data were collected by interviews and by review of the national research programme on district heating (Fjärrsyn). The programme served as a proxy for frontline research on Swedish district heating. The data were analyzed through the business model canvas framework. Results: Changes to meet external pressures are identified on the customer side of the business model, but changes are also spreading to other parts of it. However, the key resource component (distribution networks and production unit) and its logic of economics of scale are unchanged and dominate. The logic is not compatible with shrinking heat demand; nevertheless, it is preferred. Conclusions: It is concluded that external challenges have resulted in changes in the customer side of the business model. However, the largest challenge is the transformation of key resources. Accounting for external challenges extends the life of the current business model, but it is not increasing competitiveness. The prolonged life creates a window of opportunity for the companies to begin the needed transformation of their key resources. If the transformation is successful, district heating will have a role in the future energy system. If the transformation is not undertaken, the future is less certain.
Background
Fossil fuels are the dominant energy sources for heating [1] , and this is neither sustainable from the point of view of the climate nor from the point of view of stable supply. District heating systems can reduce the usage of fossil fuels for heating as they access renewable energy sources [2] and industrial excess heat [3] . Heating and cooling are the largest energy sectors in the EU and represent half of the final energy consumed. Some 20% of the fuels used in the heating sector are from renewable sources. Hence, to reduce the dependence on imported energy, to lower energy costs and to decarbonize the European energy system, expansion of district heating is important. There is a significant potential for district heating growth since only 9% of European heat is currently provided by district heating [3] . Countries where the growth potential is largest are Austria, Germany [4] , France and Italy [5] .
In Sweden, district heating dominates the heat market with a market share of 55%, and district heating systems are in place in all major cities and towns (there are about 500 systems in Sweden) [6] . Oil and other fossil fuels for heating have been gradually removed over the past 50 years, and the Swedish district heating system is successfully transforming into a low-carbon system [7] . Sweden is, for example, the country that has the largest percentage of industrial heat recovery in its district heating systems in the world [8] . This dominant position of district heating in the heat market is, however, being challenged. In 1996, the Swedish heat market was deregulated. Prior to this, the largest challenge to the district heating industry was to improve its production technology to meet the increasing demand [9] , but since 1996, the industry has had to cope with challenges beyond technology. Examples of institutional challenges are a new district heating law (2008), the threat of price regulation (2009) and third party access (2009). Market challenges are reflected in the increasing competition (notably from heat pumps), lower heat demand (as a result of energy efficiencies and warmer climate) and revised customer demands [10] [11] [12] .
Expansion of district heating in Europe also faces market challenges, and while there are some differences, there are also some similarities with the challenges facing the Swedish district heating industry. Four examples are provided below. Regarding competition, the traditional use of gas boilers is the largest competition for district heating in Europe [3] , while in Sweden, competition comes from heat pumps. Addressing energy efficiency, lower energy demand will, after the renovation of the building stock, become as challenging to European district heating providers as it already is to Swedish. Financing of new district heating in Europe is not easy since public finance is not a given [3] . This is in contrast to the Swedish situation where financing of new district heating is predominantly undertaken by municipalities. Last, industrial heat recovery is discussed in the EU. Sweden is at the forefront of such heat recovery, but there is an additional potential [13] [14] [15] . Industrial heat recovery necessitates cooperation often making the heat provider both a consumer and a provider (prosumer) of district heating, a challenge which is more common amongst Swedish district heating providers than their European counterparties [16, 17] .
The case of Swedish district heating is an example of a successful national and long-term transition to a lowcarbon energy system. However, energy transition is not sufficient to remain competitive. Attention also needs to be given to the management of business challenges beyond the vision of being fossil-free. Even though the challenges faced in Sweden are not identical to the expansion of district heating in Europe, the experience from the Swedish heat sector should be useful to decision-makers desiring to keep the low-carbon district heating system competitive, to other countries shifting their heat generation from fossil fuels to renewable energy sources, to district heating providers and to researchers in business change.
Swedish district heating companies act in a deregulated market and must effectively manage dynamic challenges to remain competitive. Theory suggests that business change is difficult when the current model still works [18] [19] [20] . It is not known if Swedish district heating companies are locked-in to the current business models, and there is only limited information on how the companies manage business challenges. In addition, the impact that the chosen management strategy has on the customer interaction, the key resources and the important partnerships, all remain unexplored. In view of this, the research question addressed in this paper is as follows: How does the management of business challenges impacts the business of Swedish municipal district heating?
This paper is structured in four sections: Background, Methods, Results and Conclusions. In the first section, the Swedish case of a long-term and national transition towards a low-carbon energy system is presented. Since energy transition in itself is not sufficient for competitiveness, the research question of how the management of business challenges impacts the business of Swedish municipal district heating is introduced. Thereafter, district heating, the growth of district heating in Sweden, known challenges to district heating and the theoretical framework of the study are elaborated. In the second section, the two methods applied to collect data are outlined. Both interviews and a review of research projects have been conducted. The model of analysis is the business model canvas which is explained. In the third section, results are provided and discussed. The results from the interviews and from the review are presented separately. The last section draws on the results to conclude on business development in Swedish district heating companies. The main conclusion is that external challenges have resulted in changes in the customer side of the business model. The limited change to the key resource component is, however, the largest challenge for the future.
Background: district heating and its expansion in Sweden
District heating companies often use locally available heat sources for heat generation [21] . Examples of heat sources are fossil fuels, biomass, geothermal heat, waste for incineration and excess heat. Heat and power are frequently produced jointly in the so-called combined heat and power plants. Traditionally, heat is distributed from a central production unit to customers through a network of pipes [2] . The industry is currently undergoing a successful transition away from fossil fuels, and it is even claimed that the expansion of district heating is one of the most important explanations as to why Sweden is achieving success in its carbon dioxide reductions [22] .
The Swedish heat market is shaped by institutional factors including municipal initiatives, national policies and regulations [2] . In the 1950s and 1960s, municipalities aimed at enabling efficient electricity production in combined heat and power plants which were seen as a complementary electricity source to hydropower [23] . In the 1960s and 1970s, district heating expansion coincided with massive housing construction. One million dwellings were erected between 1965 and 1974 within the Million Homes Programme [24] . Furthermore, as a result of the oil crisis in 1973-1974 and 1978-1979 , Sweden launched its first energy policy in 1975 [2] and increased funding to energy research and development [25] . District heating was now of national, rather than just municipal, interest. Government subsidies were provided for replacing oil boilers with district heating [26] . There was also a shift from oil in the district heating companies to alternative heat sources such as coal, wood fuels, peat, municipal solid waste, heat pumps, electric boilers and industrial waste heat [2] .
Further progress was made as Sweden's first climate target was established in 1988, aimed at reducing carbon dioxide emissions, and thus, sustainable energy systems became a priority [27] . A carbon dioxide tax was introduced in 1991 from which biomass and peat were exempted. This development made biomass the most cost-efficient fuel for heat production, and the usage of biomass in district heating grew fourfold between 1990 and 1996. After 2000, the ban on depositing organic waste in combination with energy taxation incentivized many municipalities to invest in waste incineration plants with heat recovery [2] . Currently, biofuels and waste are the most common fuels used in district heating [28] . Against this background, the Swedish district heating market expanded for decades leading to the current, large market share. Increasing demand, in combination with national policy, also triggered rapid technological development and the switching to different fuel sources.
Background: known challenges to district heating in Sweden
The known challenges to district heating providers in Sweden can be placed in three categories. These are technological development, institutional changes and market challenges as shown in Table 1 . Considering technological development, there is still room to improve existing production and distribution of heat [29] [30] [31] . However, most improvements are incremental and generate short-term, rather than long-term, gain. This is reflected in the research conducted in the national programme of district heating research (2013) (2014) (2015) (2016) (2017) . In a synthesis of the research from the programme, it was identified that the focus of the research in the most recent programme period was on known challenges and on incremental improvements of the current technology [32] . Sweden has well-developed district heating systems that are primarily adjusted to incineration of waste and biofuels. The established district heating technology, referred to as the third generation, is well established, and there is little incentive for switching to heat sources other than waste and biofuels. There is thus a risk that companies are locked-in to the current technology [7, 32] . Taking into account that there are alternative uses for biofuels other than incineration, and that the amounts of waste are to be reduced in Europe, identifying alternative heat sources is relevant in the long term. Alternative heat sources that are abundant in urban areas are generally low temperature and may be generated from specific commercial processes or from structured operations that are undertaken daily. Cooling from data centres and sewage water heat recovery are known examples [33] [34] [35] [36] [37] [38] [39] . There is a new technology currently being developed to take advantage of such lowtemperature heat sources [40] .
Carbon dioxide reductions are important in the decision-making process when undertaking a technology improvement, reflecting the long-term aim of the industry to become fossil free, a goal that is close to being attained. However, low-temperature heat sources are fossil free, thus outdating the historic vision of a fossil-free heat source. Therefore, challenges for technological development are to correctly evaluate the benefit of incremental developments and to identify when it is time to move from the safety of the current, cost-efficient, close to zero carbon technology to more ambitious solutions.
The industry has faced a number of institutional changes since the deregulation of the heat market in 1996. Three key events are the district heating law, price discussions and discussions on third-party access to the distribution networks. Deregulated, municipal energy companies were urged to operate in a "business-like" fashion [41] . Misconduct with regard to the price development post-deregulation resulted in a district heating It has since become evident that the law is construed in such a way that a distinction is made between personal trust and trust for the district heating system, which creates a negative bias towards the district heating system. This bias is a challenge that reinforces the negative perceptions surrounding the natural monopoly status of district heating companies [42] . This lack of trust erodes the competitiveness of district heating compared to other heating alternatives. Regarding district heating price, the Swedish Competition Authority advocated regulation of district heating price in 2009. Later, in 2013, it was revealed in a report from the authority that it is difficult to arrive at a fair cap for a market that is as heterogeneous as the Swedish heat market. Additionally, ruling out price discrimination for certain customer segments can actually obstruct welfare improvement outcomes. This is a factor that militates against the desired property of price regulation in that customers in the same category should pay the same price [43] .
The heat market has not yet been regulated in terms of price. However, in response to this challenging discussion on the subject, the district heating industry has initiated a voluntary dialogue with their largest customers. This process is called "the price dialogue" and is one way to proactively engage in dialogue with customers on the topic of district heating price. Currently, 37 district heating companies are members of the dialogue including the three largest district heating providers in Sweden (Vattenfall, Fortum and E.ON). The dialogue has existed since 2013 and replaces an earlier initiative to create transparency (the REKO initiative). As a result of the increased attention on price, much attention has been given to the price models of district heating companies [44] . There is an ongoing tension in that customers want pricing models favouring energy efficiency. This reduces the possibility of directly charging customers for the fixed costs of the district heating companies [45] .
The third key example of institutional changes is that of third-party access to the distribution networks. A government inquiry was launched in 2005 and concluded in 2009 recommending that district heating providers are obliged to assess the economic viability of third-party access if a third party wishes to access the distribution network [46] . If the assessment indicates that the proposal would result in a negative investment, the district heating companies have the right to decline the heat from the third party.
Remaining in the market is a challenge since the competition for heat customers is increasing, heat demand is decreasing and the characteristics of customer demand are changing. The main competitor for the industry is heat pumps. Heat pumps and electrical heating jointly meet one third of the Swedish heat demand, and historically, heat pumps have been successful in small, private houses, whereas district heating dominates in multi-family dwellings and public/private large premises. The competition is fierce in the small house segment as reflected in the public press where there are discussions about the rights of municipalities to condition the heating alternatives of homeowners in newly built, singlefamily homes [47, 48] . Disapproval of the natural monopoly status of municipal district heating and policy development incentivizing purchased energy over used energy [49] have made heat pumps a competitive alternative to district heating [7] . It is assumed that heat pumps will continue to take market share from district heating [50] . A trend towards installations of larger heat pumps is also identifiable. For example, the Swedish environmental governance agency has identified installation of new, larger heat pump installations in the area of Stockholm [51] . One detectable response to the increased competition from heat pumps is that many Swedish district heating companies are revisiting their income structure and price models, introducing seasonal or effect-based models [51] . Another district heating market challenge is that the growth rate of the heat market is reducing [12] . One reason for this is the lower heat demand triggered by improved energy efficiency and the warmer climate [11, 52] . A further reason is that the heat market is becoming saturated; indeed, the heat market has been described as approaching a stagnation phase [53] .
A final example of the theme of market challenges is new customer demands. Customers know that the district heating companies act in a competitive market, and hence, customers have new demands. One important demand is transparency, which is reflected in the attention given to the price. Another is the support in identifying efficient solutions to meet the needs of the customer, including energy efficiency measures [44] . Since 2015, monthly measurement and invoicing to customers has become mandatory which means that large amounts of operational data are now available. This, in combination with progress in the field of digitalization, can provide a better overview of the production/distribution and of the end-consumption of district heating. In the future, this can result in heat "on-demand" and a heat service of higher quality being delivered to the customers [54, 55] .
As mentioned previously, prosumers also form part of the Swedish district heating sector. Approximately, 9% of the heat in Swedish district heating comes from industrial waste heat cooperation [8] . This is the highest level of industrial waste heat recovery in the world. Most of the prosumers in Swedish district heating systems are the result of customer-driven development. The driving forces have either been to make a profit from a valuable resource that is otherwise lost, to be eligible for different energy certificates by showing that a certain amount of energy is produced in-house or to enforce the sustainability dimension of the brand [32] .
The many market challenges, as described above, point to the time for one-size-fits-all solutions being over. In Table 1 , the categories of known challenges to Swedish district heating companies are listed, and examples of these challenges are provided.
Background: theoretical framework
Customers (value, relationships, segments), resources (infrastructure, activities, partners, logistics) and the cost/income structure resulting from customer and resource choices are generic elements of business models [18, [56] [57] [58] [59] . While there is no universal definition of what a business model is, they can be a source of competitive advantage [60] [61] [62] [63] [64] at least initially before they are imitated [59] . Business models are not to be confused with product market strategy [65] since business models describe how different pieces of a business fit together but do not account for choices made to meet competition [63] . Business models do, however, seem to reflect strategy [60] , but the two are not equivalent [59, [61] [62] [63] [64] [65] . Business models are also different from products, companies, industries, networks, technology, internal organization and value chains [56] .
It is known that business models develop over time, and there are studies promoting the idea that business model development is a tool for corporate renewal [19, 50, [66] [67] [68] . Successful companies, it is argued, account for changing preconditions in the surrounding world through developing their business models. Good models secure long-term competitiveness and survival [18, 67, 69, 70] . There is no consensus on a definition of what a business model is or on how business model development is realized. Some researchers advocate that business model development is the result of a systematic and structured process [18, 71, 72] . Others claim that it stems from trial and error [18, 19, 73] . Whether companies develop their business models as a response to external pressures, internal changes or a combination of both is not clear [66, 71, 74, 75] .
There are known barriers to business model development. For example, different parts of a business model are interconnected [59] which creates a situation where present organization hinders the development of a future business model [18] [19] [20] . Another barrier to business model development is that outdated business logic about cost and revenue are taken for granted, for example, the assumption that economies of scale are preferable to other alternatives, even though this assumption is no longer valid [59] . Yet, another hindrance for business model development is that only certain information is perceived as important due to the business logic of the organization. Incoming information is filtered in such a way that only limited information reaches those who make business model decisions [74] . Uncertainty about desired future development paths constitutes a further obstacle for business model development since it is difficult to assess which business models are suitable for the future if the future strategy is unknown [18] .
Narrowing the scope of business models to studies that are of relevance to understanding Swedish district heating companies, a study of German utilities and how they innovate their business models for sustainable energy is useful. From this study, two generic business models are available [76] . One is referred to as the utility-side renewable energy business model. Its value proposition is a bulk generation of electricity. The other business model is referred to as the customer-side renewable energy business model. This model relates to energy generation in small-scale systems close to the point of consumption and uses distributed generation based on technologies such as solar photovoltaics, micro-wind turbines and micro-combined heat and power systems [76] . In another study, exploring business models amongst heat entrepreneurs in Finland, ownership is taken as a proxy for business model determination [77] . Five companies with different ownership forms, public company, publicprivate partnership, private cooperative, network model of large enterprise and energy service companies (ESCOs), result in five different business models with different "earning" logic. The logic are as follows:
(i) Secondary/third party financing which reflects that an entrepreneur unlocks the customer's resources for other purposes. If the customer is a municipality, funding is unlocked for other municipal undertakings such as healthcare and schools. (ii) Safeguarding the market which means that the heat demand is stable, and long-term contracts are present with reliable customers such as municipalities. (iii)Value added by holistic value chain management which reflects that the more activities the entrepreneur can execute, the better the profitability is. An example is when one single entrepreneur provides both fuel supply and heat production. (iv) Complementary partnerships which reflect situations where partners attend to the activities where they have expertise. This can be the case in a cooperative organization with specialized partners. (v) Networking and subcontracting which means that some of the tasks are subcontracted and that the subcontractors can benefit from the network, scale and reliability of the principal company.
The study identified that subcontracting was undertaken independently of ownership and that all companies other than the ESCOs were safeguarding the market [77] . The business model of solid waste management was explored in a Swedish study, and it was shown that three value-creating activities were undertaken. First, there was a public service mission, creating value for those in need of getting rid of waste and authorities who were legally required to handle waste. Second, there was processing, including efficient and environmentally sustainable management of waste and, when possible, reuse and recovery. Third, marketing activities were undertaken to realize the economic value of the output of the processing activity [78] . In a further two studies, the significant role of national policymaking in the development of business models currently used in district heating was addressed [2, 7] . The studies pointed out that the current business "regime" is locked-in to supply dominated heat production aimed at sustaining the production of heat itself, while there is limited attention on reducing heat demand.
Methods
District heating companies are exposed to different challenges to varying extents. Which challenges are the most important, and how they are managed, is a complex situation to investigate. In this paper, two methods were used to collect data in order to analyze these complexities. The first method involved conducting interviews with business development professionals in Swedish district heating companies. The second method involved a review of the most recent research performed in the national district heating programme (Fjärrsyn). This research was taken as a proxy for the frontline of Swedish district heating research and should, as such, reflect challenges to district heating providers.
Methods: interviews and national research programme review
A business model is complex in that it is composed of several interrelated parts. Understanding the impact of management on different parts of the model necessitates in-depth information. It was not possible to gather indepth data from all Swedish district heating companies, and hence, a case study was made. Five Swedish district heating companies were chosen based on three specific criteria. Companies that fulfilled the criteria were considered likely to be forerunners in terms of managing the challenges they are exposed to. Therefore, the selected cases can be viewed as critical cases, from which, the wider district heating community can learn how to manage the challenges that the industry faces [79] . The first criterion was that the companies should have a long-term incentive to work on the development of their business models. District heating investments are longterm with an operational lifetime of decades. Companies that have recently undertaken or are undertaking investments in new district heating production units were therefore assumed to have an incentive for long-term business model development. The second criterion was that the cities where the companies were located should be stable or growing in terms of population size. The continued expansion means that the companies have time to actively work with business model development for future success rather than focusing on short-term cost-cutting activities. The third criterion was that the companies should have an evidenced capacity of progressive thinking. One company recently became the district heating company of the year; one company is exporting its knowledge; one company is heavily engaged in the city's transformation roadmap for the year 2035; one company resorts extensively to industrial waste heat recovery; and one company is investing in an unconventional production unit. In Table 2 , the companies included in the case study are presented. The five case study companies are amongst the 15 largest district heating companies in Sweden in terms of annual turnover.
The policy has shaped the development of the heat market, the current district heating company business model and its logic. Hence, when selecting the population to study, policymakers were of relevance. Past impact does not, however, mean that the policymakers have knowledge about the actions and adjustments made by the companies in their daily operations. In this study, answers were sought to understand how companies adjust to technical, institutional and market challenges. Chief executive officers (CEOs) and business developers should be in a better position to provide information about the company management strategies needed to handle challenges than policymakers. The target group chosen for the interviews included CEOs and business developers. A semi-structured interview guide, allowing for questions arising during the interview to be addressed [80] , was elaborated based on the business model canvas components [58] . Each interview lasted between 45 min and 1 hour. Notes were taken during the interviews, and these were summarized in writing after each interview. No interview questions were included to find out more about the cost and revenue streams in the five case study companies. The reason was that all respondents, when they were first contacted and asked to participate in the study, were informed that they would not disclose this kind of information.
To identify challenges to the district heating industry, it is relevant to review the Swedish frontier of district heating research, which has a long history in the country. Since 1975, there have been different programmes dedicated to district heating research. The most recent national programme on district heating, Fjärrsyn, covered the period 2007-2017. Its most recent programme period ran from 2013 to 2017 and encompassed 34 research projects. Fjärrsyn was jointly financed by the Swedish district heating industry and the Swedish Energy Authority. The output from the latest programme period was taken as a proxy for the current Swedish district heating research frontier. To identify additional information regarding challenges to the business of district heating, the 34 projects involved in the research were reviewed.
Methods: the model of analysis
The business model canvas [58] was used as the model of analysis in this study. It provides a framework composed of nine blocks and is widely used for understanding business models. It was developed jointly by academic researchers, government officials, professionals from different industries, analysts from different sectors and consultants interested in business modelling. The canvas has been selected for this study since it is a framework that explicitly addresses the components that are deemed relevant for understanding business change in district heating. Additionally, it is a framework that has been developed jointly between academics and practitioners making it suitable for explaining the findings to district heating researchers, policymakers and practitioners. The canvas is illustrated in Table 3 .
Four of the blocks address the customer, outlining the customer segment, the channels used to reach the customers, customer relationships and the value proposition. Three of the blocks consider activities undertaken to deliver the value, the resources needed for value creation and the imperative partnerships for delivery of the product or service. The last two blocks outline the cost structure undertaken by the business and the income structure of the realized sales.
The interview guide was built around the components of the canvas. The questions were elaborated based on knowledge about the business models in Swedish district heating companies dating back to 2008 [10] , 4 years of experience of the author working with strategy and business model development in the industry (2011) (2012) (2013) (2014) (2015) and based on known challenges for the Swedish district heating industry. In the interviews, all blocks except cost and income structure were addressed as noted above.
Knowledge about conventional business models in district heating, data from the interviews and information from the reviewed research projects were framed using the canvas. An analysis was then conducted to identify where development in the business models could be detected compared with the conventional district heating business models. In Table 4 , the conventional features of district heating business, as identified from the literature, are presented.
On the customer side of the district heating business model, the largest customer segment is business-tobusiness. The business logic is based on economies of scale and a strategy of push, rather than pull, towards the customers; the business models are also utility-sided. Regarding the infrastructure, the key resources are the production units and distribution networks. The necessity to cover fixed costs is reflected in the price model. In terms of key partnerships, it is known that fuel providers are crucial to the success of district heating businesses [10] .
relationship and customer channel. In the customer segment, no changes in response to the industry challenges were identified from the interviews. In the five case companies, it is still the professional customers that generate the largest sales. All five companies also have private homeowners as customers, but the sales generated from these are limited.
Regarding customer value and customer relationship, a significant change was detected compared to the conventional district heating business model. With regard to the value, the change is explicit in that the customer does not obtain only heat and hot water. Depending on what creates the most value for the customer, a choice can be made between purchasing the products of heat and hot water or a service providing an indoor climate, at a specified indoor temperature level. This flexibility reflects a dematerialization of the district heating offer to meet the challenge of revisited customer requirements. Added service is not a standardized solution but is incorporated on a case-by-case basis and is often triggered by customer requirements. Three of the five companies explicitly offer service package deals on their web pages, and two companies address the importance of supporting the customer to maximize the value of the district heating installation. This is achieved by contacting customers and offering them beneficial reviews of their installations. This approach builds trust and adds value to the district heating purchase. One respondent said that the company offers their customers "sustainability" by extending the offer into new contexts by providing both broadband and charging poles for electrical cars.
The customer relationships of the five case study companies do not reflect the conventional providerpurchaser relationship in district heating, built on the business logic of scale and "push" of products/services towards the customers. Instead, the relationship with the conventional business-to-business customer segment appears to be characterized by dialogue. All five companies share the opinion that customer care and customer retention is extremely important for the future of the business. The CEO of one company points out that "the largest risk for the future business is to not establish a good customer relationship". The business developer of another company finds that the main goal is to retain current customers. The business developer of a third company finds that it is "a large risk if customers are taken for granted and assumed to remain loyal". This thought is supported by the CEO of the fourth company expressing that the risk of losing customers is, nowadays, very real. Both the CEO and the business developer in the fifth company agree that customer care is extremely important. They also find that customer requests are becoming more demanding and that the time horizon of the customers is short, posing a challenge to the district heating alternative. An important point of departure for all five companies in the quest of establishing a closer customer relationship has been the voluntary "price dialogue". All five companies have been part of the price dialogue since 2016. Two of the companies joined at the start, in 2013. Four out of the five case study companies have revisited their price model as a result of the price dialogue. Once a discussion about the price has been initiated, dialogue about other needs also begins. One example of this is that all five companies provide their customers with support when undertaking energy efficiency investments. In this way, the heat providers become partners to their customers in their energy efficiency undertaking. In three of the companies, key account customers were identified as gaining extra attention and interest from the district heating companies. This is an explicit method for creating a closer relationship with the most important customers. In one of the companies, there is a long-term prosumer relationship, based on industrial excess heat.
The customer channels display new outreach and proactive elements going beyond communication limited to invoice queries and customer complaints. The customer phone is now two-way.
Results: customer interaction (from the review)
From the 34 research projects of Fjärrsyn, it can be inferred that customer value and customer relationships are addressed by the Swedish frontier of district heating research. This is reflected in the following: increased flexibility in heat delivery, thereby adding value; knowledge building on energy efficiency; price modelling; and the prosumer perspective. Improved data, in combination with digitalization, are pointed out as offering yet unexplored potential for improved district heating quality [54, 55] . Delivery "on demand" creates value through increased flexibility, and engaging in digitalization can be one way for district heating companies to enhance customer value. The request from customers for support in their energy efficiency investments is reflected in knowledge building efforts regarding energy efficiency [81] [82] [83] , as such knowledge is essential to generate trust. Attention is also given to price modelling [45, 84] , and the prosumer possibility of small heat sources is also explicitly addressed [85] . From the 34 research reports, it was also identified that new customer segments and uses of heat are being sought. Increased usage of district heating in industrial processes, for industrial water cleaning, for generating comfort cooling, for inter-seasonal storage and for regional district heating networks, is suggested as pathways for expanding heat demand [86] [87] [88] [89] [90] .
Results: usage of resources (from the interviews)
The key district heating resources are still the production plants and distribution networks. The production units in the five case study companies have been newly built and will remain in use for decades. Conventional technology has been applied in these companies, and the business logic is the economies of scale. The changing customer value and relationship build on trust, loyalty and long-term cooperation, and in terms of heat demand, it builds on lower demand. Since the production is based on a logic that is in contrast to the dialogue and trust-based customer value and customer relationship, there is an imbalance in the business model. From the interviews, it is not clear if/how this imbalance is managed. As a result of the changing customer value and relationship, new competencies amongst staff are identified as very important for continued competitiveness. In all five companies, this is reflected by extensive recruitment of competencies other than production, distribution and maintenance.
Key activities are still linked to production, distribution and maintenance. Activities that are gaining in importance are linked to proactive sales and establishing customer dialogue. All five companies confirm that branding has become increasingly important, and it is imperative to be able to display engagement with environmental issues and local commitment. Some of the ways the companies can show such commitment are by supporting circular flows of waste, returning ashes to the forest and cooperating locally with fuel suppliers. In addition to the outreach activities, all five case study companies have looked inward and identified that internal efficiency is essential. It is important to remove old habits and inefficient patterns dating back to the days of public management. The companies act in a competitive market, and there is no room for internal waste. This is reflected in a quote from one of the business developers: "We have introduced process management and have dedicated process managers. Routines, clear roles and transparency have become key".
Key partnerships were limited to fuel providers in the business model canvas of the conventional district heating business. In regard to this, one company has developed its relationship from a standard purchase contract in order to transfer the risk of not having an optimal level of stock at all times to the fuel provider. This transfer necessitates a closer form of interaction between the fuel supplier and the district heating company. The fuel provider enters the internal processes of the district heating company (the fuel provider keeps the stock at an optimum level at all times). Another company has decided to work with local forest owners to secure biofuels. The CEO at this company says: "It was not easy at the beginning, the large providers did not appreciate that we wanted to work with local providers because we were pushing cost down. The cooperation has been good for both us and the forest owners since our demand makes their business model more stable." The third company has had a close relationship over many years with a supplier of industrial excess heat. It has recently entered arrangements with other, selected customers allowing the district heating company to disconnect them at peak load. The remaining two companies have a conventional business-to-business relationship with their fuel suppliers, limiting any changes in the relationship to the length of the contract. In summary, the key relationships of the district heating providers are still linked to fuel suppliers. The change is that the relationship itself is strengthening, bringing district heating companies and fuel providers closer.
Results: usage of resources (from the review)
From the 34 research projects, it was identified that one third are dedicated to improving the functioning of the key resources of production and/or distribution. In addition to the studies mentioned above related to improving the quality of the district heating delivery, factors such as energy efficiency, price model studies, seasonal storage, the prosumer, regional district heating networks and improved functioning of key resources are also reflected in studies of simulated operational efficiency [91] , risk management for maintaining the distribution network [92] , temperature measurements in liquids [93] and operational life of district heating pipes [94, 95] . Only one study challenges the current technology by focusing on low-temperature heat supply [40] , while three projects address institutional elements [42, 96, 97] . District heating law is also discussed in one of the 34 projects, and it is concluded that this does not promote trust in the district heating system [42] . The impact on district heating of the regulations made by the National Board of Housing, Building and Planning is explored as they impair the competitiveness of district heating compared to other alternatives [97] . Success factors for industrial waste heat cooperation are also addressed, including an analysis of how political, economic and technical factors have impacted cooperation [98] .
In Table 5 , the collected information on district heating development is aggregated.
Information reflecting the conventional district heating business model is shown in bold. Information from interviews is not bold, and information from the research reports is in italics.
Results and discussion
The largest change detected in the business models of the case study companies was on the customer side. The customer value is increasingly service oriented, and the customer relationship is switching towards dialogue resulting in trust, loyalty and long-term interaction between district heating companies and their customers. This result implies that business model development in Swedish district heating is primarily driven by external challenges such as competition, energy efficiencies, changing customer demand and an ongoing price dialogue.
The service-oriented development necessitates investments in systems that allow the digitalization of district heating. Over time, it is possible that staff and IT resources will become more important to the district heating business than the conventional production and distribution units. Until this day comes, however, it is clear that transforming the customer-sided components of the business model is one strategy for maintaining the key resource component and the economies of scale logic that is linked to it.
It is identified that change is also spreading into the production-and distribution-oriented parts of the model. For example, the staff is increasingly allocated to internal efficiency improvements. The spread was expected since the different parts of the business models are interconnected. In the literature, the interconnectedness of business model components is, however, pointed out as a potential barrier to business model development. The reason for this is that dominating components can delay a business model shift. The results of this study show that the component of key resources is dominating the business model. Fixed assets are characteristic of utility-sided business models where the value proposition is a bulk generation of heat. Bulk generation of heat is in contrast with both shrinking heat demand and the increased service orientation triggered by changing customer demands. This contrast indicates that one major barrier to business model development in district heating is the key resource component and its logic of economies of scale which is outdated but still preferred.
The volumes of waste that will be recovered in terms of heat will be lower in the future as recovery and recycling of materials increases. Even so, a certain scale of the capacity for waste incineration is needed to efficiently manage waste in the society (from households, official premises and industries). Hence, the utility-sided business model necessitates a certain scale. If the necessary capacity for efficient waste management in society results in a situation where more heat is generated than needed, it is possible to make use of some of the excess heat, by revisiting the key resource component of the business model. For example, many district heating companies have storage units (accumulators) that allow them to shift the usage of generated heat to a later point in time (hours or possibly days) where it is most useful. Improving the storage capacity for longer time spans than days is an ongoing challenge. It would, for example, be very interesting to store heat that is cost-efficiently generated in the summertime and use it in a colder season. Another way to make use of excess heat from waste incineration is to turn heat into cooling to create an offset for heating in, for example, summertime. Flexibility through storage and production of cooling would aid to maintain a viable business. It is important to adjust policymaking from the supposition that the demand for heat is increasing in energy-inefficient buildings to understanding the challenges that the industry is facing. The district heating business serves a utility purpose and must be supported as such. In order to remain competitive, incentives for more flexible key resources are important.
With regard to the limitations of this study, no interview questions addressed cost and revenue streams as the respondents did not agree to this kind of information being collected. Two of the nine components of the business model canvas framework reflect revenue and cost. Hence, omitting direct questions about these two components limits the contribution of this study to the understanding of business model development in district heating. Based on the results, it was, however, identified that two of the companies have revisited their approach for securing fuels, and increasing internal efficiency is a factor in all of the companies. Additionally, as a result of customer attention to district heating price, four of the five case study companies revealed that they have revisited their revenue streams by developing their price models from fixed to more variable. This shift reflects a reallocation of business risk from customers to district heating providers, and these changes would have impacted the cost and revenue structure of the companies.
Further research to be performed should address how the key resource component can become more flexible and contribute to managing the challenges that the industry is facing. Also, it is important to identify how costs and revenues are impacted by the management strategies adopted to meet the challenges to the conventional district heating business. This information can then provide input to more efficient business model development in the industry and to more efficient policymaking for the heat market.
Conclusions
Based on the results of the study, it is concluded that (i) external challenges have resulted in changes in the customer side of the business model, (ii) the key resource component and its logic of production of scale dominate the business model and thereby delay the business development and (iii) the utility (waste management) function of district heating companies necessitates a certain scale of production.
That external challenges have triggered change of the customer components of the business model is new empirical information that supports the notion that business model change is driven by external pressure. That the key resource component is dominant and thereby hinders other business model development provides further evidence to the importance of the interconnectedness of the business model components identified in the literature. The desire to not change the key resource component does, however, not aid the district heating industry to become increasingly competitive. The largest challenge for the companies appears to be a development of the key resource component, making it more flexible to support the management of the new market conditions. The utility function of waste management necessitates a capacity to incinerate municipally generated waste. Accounting for future, shrinking heat demand, all the heat generated from waste incineration might not have an offset. This makes new features of the key resource component crucial. Updated heat market policy should, for example, incentivize increased storage of heat and alternative uses of it (one alternative is cooling). Updated heat market policy should also favour excess heat recovery over new construction of large, conventional production units.
Returning to the challenges in Europe compared to Sweden, it is concluded that shrinking energy demand, in time, also will become an issue in Europe. It is therefore wise to build in flexibility in the key resources of new district heating investments in Europe, accounting for industrial waste heat, storage and alternative offsets for heat.
Returning to the research question, it is concluded that the choice to manage external challenges extends the life of the current business model. This is an approach that can last for a limited period of time, but that does not increase competitiveness. The adjustment to external challenges creates a window of opportunity for the district heating companies to begin the necessary transformation of production and distribution. If this transformation is not undertaken, it is uncertain if district heating will be part of the future energy system.
